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Abstract 

In this paper, we study a curvaton model described by a Dirac-Born-Infeld-like action. We 
calculate the spectrum of curvature perturbation induced by DBI-curvaton and estimate its non- 
Gaussianity. We find that in the limit of low sound speed the amplitude of curvature perturbation 
is enhanced more than that in DBI inflation. This result also means that the inflationary scale with 
DBI-curvaton may be lower than that in usual curvaton model. In addition, we also find that the 
local non-Gaussianity level in DBI-curvaton is generally about 10 times larger than that in usual 
curvaton model, which is interesting for current observations. This work in some sense explores a 
new application of brane-cosmology in inflation. 

PACS numbers: 



I. INTRODUCTION 

The curvaton mechanism is an interesting proposal for explaining the observed scale-invariant primordial density 
perturbation in the frame of inflation [lj] 1 . In this scenario, at least two fields are required, in which the so-called 
"curvaton" field is subdominant during inflation but comes to dominate after inflaton decays. When the curvaton 
is subdominant it provides iso-curvature perturbations during inflation, and afterwards, these iso-curvature pertur- 
bations convert to adiabatic ones when curvaton starts to dominate the universe. After the curvaton decays, the 
universe enters the standard thermal history by curvaton reheating^ 0], and this process seeds the adiabatic initial 
condition for the perturbations of other species, such as radiation and matter 0, Q. 

In this paper, we study a curvaton model which is described by a Dirac-Born-Infeld-like (DBI) action. DBI action 
has a non-canonical kinetic term, thus its dynamics is different from the usual field theory. From the calculation, wc 
find that this type of curvaton model generates iso-curvature perturbations suppressed by the sound speed c s which 
will be introduced in the context. Moreover, after these modes convert to adiabatic ones, the curvature perturbation 
is still enhanced by c s which is similar to that in DBI inflation [l(| [H|. However, since the final evolution of a DBI 
action is a process of tachyon condensate, this presents a new exit mechanism for curvaton model which do not need 
an oscillating phase. In this case, the primordial curvature perturbation is determined by the warping factor and 
the sound speed, but unrelated to the potential. Further, we extend the perturbations into second order and simply 
estimate the local form of the non-Gaussianity Jnl, and find that its value is in order O(10) which is mildly bigger 
than that in the usual curvaton model. 

The paper is organized as follows. In Section II, we simply review the standard curvaton model and present 
the results in this usual scenario. In Section III, we propose a DBI-curvaton model, then study the iso-curvature 
perturbations during inflation and give its spectral index. In Section IV, we investigate the process for iso-curvature 
modes converting to adiabatic, especially discuss the case of tachyon condensate, and finally present our results. 
Section V includes the conclusion and discussions. 

In this letter, we take the conventions that a dot represents the derivative with respect to the cosmic time, a comma 
denotes the normal derivative, and the natural units Ml — c = 1 is taken. 
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1 Some earlier works on curvaton mechanism have been considered in Refs. 0, [H, @, [j| • 
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II. THE CURVATON SCENARIO 



To begin with, we would like to review a curvaton model with a canonical kinetic term. 

In Ref. pi, the authors have proposed a new mechanism to generate the scale-invariant curvature perturbations. 
In this mechanism a scalar field, dubbed curvaton, is introduced which is very light during inflation. This scalar field 
is described by 

L* = \cr 2 -\(Va) 2 -V(a) , (1) 

and it lives in an inflationary Friedmann-Robertson- Walker spacetime characterized by 

ds 2 = -dt 2 + a 2 {t)5. lj dx i dx j . (2) 

During this era, the hubble parameter H = a/a is nearly constant, so that we can define a slow-roll parameter 
e = —H/H 2 which is almost zero. 

In the curvaton mechanism, the curvature (adiabatic) perturbations are not originated from the fluctuations of the 
inflaton field, but instead from those of curvaton. This takes place in two steps. Firstly, the quantum fluctuations of the 
curvaton field during inflation are converted into classical perturbations, corresponding to iso-curvature perturbations 
when cosmological scales leave the horizon. Secondly, after inflation decays, the energy density of the curvaton field 
becomes significant, and the iso-curvature perturbations are converted into sizable curvature ones. The curvature 
perturbations become pure when the curvaton field or the radiation it decays into begins to dominate the universe. 

Due to the basic scenario of curvaton mechanism, it is required that the curvaton is very light during inflation 
and the potential V(a) is required to be very flat \V aa \ <§; H 2 and much lower than the energy scale of inflation 
V <C 3M 2 H 2 . So the field a is able to roll down slowly and has nothing to do with inflation. At the same time, the 
fluctuations of inflaton field is negligible, so the energy scale of inflation is relatively lower and the gravitational wave 
amplitude is very small. For example, it requires H < 10~ 5 e]^ 2 M p for slow-roll inflation and H < lO~ 5 cl^ 2 e 1 / 2 M p 
for DBI inflation. Therefore, the final spectrum of the curvature perturbations is usually nearly flat and naturally 
consistent with current observations. 

During inflation, it follows that on super-horizon scales the Gaussian perturbation of the scalar field 5a ~ |pS 
where * denotes the epoch of horizon exit k = a»_ff*. Moreover, the spectral index is given by 

n a - 1 = -2e + 2i\ a , (3) 

in which t] a = V aa /3H 2 . 

After inflaton decays, the hubble parameter starts to decrease. Then the curvaton field enters the second stage 
during which it starts to oscillate around the bottom of the potential. Considering the potential V is quadratic, 
V{a) — ^rr^a 2 , then the oscillations starts when H ~ m. The curvaton energy density is characterized by the 
amplitude of the oscillation, 

(0CT (x) = imV(x) , (4) 



and so the density perturbation is given by 



5^ = ^. (5) 

Pa 



Therefore, we finally obtain the curvature perturbation before curvaton decays H = T , 

C = -H 8 4 * rS , (6) 
P 

where r is the fraction of the radiation decayed from inflaton. 

To extend the perturbation to second order, we are able to investigate the features of non-Gaussianity in curvaton 
scenario. For simplicity, we only consider the local form. The relative magnitude of the second order is conventionally 
specified by a parameter /at l , which is defined by 



C = C g + tInlC 2 , (7) 
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and in the usual curvaton model its value takes [8| 

From current cosmological observations [ll|, an instantaneous decaying of curvaton is favored if it seeds the pri- 
mordial curvature perturbations and decays to cold dark matter, i.e. r ~ 1. In this case, it is usually considered 
that a canonical curvaton model can only produce the local non-Gaussianity with /jvl ~ 1- In recent years, curvaton 
has been studied in a number of literature. For example, curvaton has been interpreted in a super-symmetric frame 
[HI, EH or as a Peccei-Quinn scalar [Tsj ] : curvaton mechanism in brane world picture [l6j]; the curvaton model con- 
structed by multiple fields has been studied by Refs. [Ili EH [HI ; some works have considered various constraints on 
the non-Gaussianity of the usual curvaton model, for example, see Ref. [20( for the limits from gravitational waves; 
see Refs. [H, [22[ for the constraints from iso-curvature perturbations; and also see Ref. [23[ for the discussion on 
various possible cases with large non-Gaussianity. 



III. THE DBI-CURVATON 



In this section, we study a curvaton model with a non-canonical kinetic form. Specifically, we consider this model is 
described by an DBI action. This action is motivated by string theory 0, [2|| 2 . So the scalar field a is interpreted as 
a moduli parameter of a D-brane moving in a warped throat. We assume that, the warping factor and the potential 
mainly depend on the curvaton field, but the kinetic parameter is determined by the inflaton field. Therefore, the 
effective action is given by 



S. 



DBI 



d 4 :, 



-9 P(X,a) 



and 



P(A» = 



1 - yjl - 2f{a)X - V(a 



(9) 



(10) 



where f(cr) is the warping factor. For example, f(a) — A/er 4 in an AdS-like throat. Besides, it is useful to define a 
sound speed parameter 



c s = y/l-2f(a)X . 



(11) 



Notice that, the parameter X is defined as X = —^g^d^ad^a — hg^d^dvcj) in which <fi plays the role of an inflaton 
field, so that there is a 2 <C <j> 2 approximately. In FRW universe, the equation of motion for a is given by 



a + 3Ha a 

c., 



C,P_ r 







(12) 



where P„ denotes the derivative of P with respect to a. The basic scenario of a DBI-curvaton is the same as that 
in a usual case, but since the kinetic term is changed, the spectrum and its non-Gaussianity involves some other 
parameters, such as the sound speed c s . 

To study the perturbations of the curvaton field, we can split the scalar field a into <r(x, t) = <7o(i) + <5<r(x, t), 
where oq represents the spatially homogeneous background field, and the 8a stands for the linear fluctuation which 
corresponds to the iso-curvature perturbation during inflation. Taking the gauge on the spatially flat slicing and using 
the relation that there is no coupling between entropy and adiabatic modes, one find that the perturbations in the 
Fourier space satisfy the equation of motion as follows, 



8d k 



3-s)H6a k +[ — 



ml I 5<T k = 



(13) 



2 In Ref. a system of D- and anti-D-branes in a warped throat was used to obtain inflation. In recent years, the DBI action has 

been applied into brane inflation models [5^1 and has been studied in details Hot . Its perturbation theory has been investigated by Refs. 
[HIM E3; the non-Gaussianity was studied by Ref. [HHfil; a multiple DBI model was analyzed by Refs. [3l|, [H IM HI EH ; DBI 
inflation can also be discussed by using a one-parameter family of geometries for the warped throat |36|| . 
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where we have defined s = -^rjj, and the effective mass term m 2 is given by 

P 2 



ml = -c s P aa - - 2c s>CT P ff . (14) 



Finally, we have the perturbation of the curvaton on the hubble radius 

2k 3 \aH 



with 



^ " I + 36 _ I' _ ^ _ (1 + 2C ' } 2^ ■ (16) 

In the above formulae, we have ignored the square and the higher derivative of the slow roll parameters e and s. 
Moreover, we have defined a new parameter rj^ = —c s P }<T<T /(3H 2 ). The last term of Eq. (fit)]) is derived by using the 
assumption that there is no coupling between adiabatic and iso-curvature modes (the similar analysis has appeared 
inRef. [13). _ 

Further, we can obtain the spectrum of the perturbation P a ~ c j^> which gives 5a = -^p— • To be accurate, the 
spectral index of the perturbation is given by 

p2 

n (7 -l = -2e + 2r }a +2s+(l + 2c 2 s )^^ . (17) 

When considering the non-relative limit c s ~ 1, the lagrangian reduces to the canonical kinetic term plus the potential 
of the field and so the perturbation spectrum and its index reduce to the standard form in the usual case. 



IV. GENERATING THE CURVATURE PERTURBATION 



Now we consider the epoch when inflation has ceased and the inflaton has already decayed to radiation. During 
this epoch the universe is filled with the curvaton field p a and the radiation p r . From this moment on, the curvature 
perturbations are generated from the iso-curvature modes because the pressure perturbation is non-adiabatic. This 
process ends when the perturbation becomes adiabatic again, which corresponds to the epoch of curvaton domination, 
or that of curvaton decay, whichever is earlier. The final curvature perturbation can be calculated when curvaton 
decays instantaneously H = T. In that case we can simply consider separately the component curvature perturbations 
Co- and £ r on slices of uniform curvaton density and radiation density. According to the assumption of curvaton 
mechanism, the curvature perturbation from radiation can be neglected, so the total curvature perturbation is given 
by 



C 



3(1 + w)p a 



A Pr + 3(1 + w) Po 

Here w = Vol Pa is defined as the equation-of-state of the curvaton, and C CT is given by 

= Spa 

3(p a +p a ) 

One can get the linear perturbation of energy density 



(18) 



(19) 



and to the second order, the perturbation of energy density is given by 



5a 



(20) 



5 (2 



Pa 



1 A 2 

~p<T,<j<jOa 



f.aa f,cr\^- , ^f,a 2 q 



2/ 2 p ' ■ ; 



4/ 3 c 5(l-^ + (V- 7 ). 



5a 2 



(21) 
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Two possible cases should be considered in the following. First, if the curvaton dominates the energy density before 
decays, we have the final curvature perturbation 



fCs 



3(1 



Pa 



(22) 



In this case, if we consider that the exit mechanism for the DBI-curvaton is the process of a tachyon condensate 
[H, H^] , we need to take the limit V ~ 1// [13, EH • Correspondingly, one get the curvature perturbation 



c 



H* I* l-3cg 

127T /c 3/2 1 - C 2 



(23) 



where the result 5a = has been used. Moreover, from the definition of Jnl 0, we have this non-Gaussianity 

parameter 



NL 



3(1 -a 3 4/ /, ge 

(l-3 C 2)2 + /2/ 2 



f 2 1 - c 2 
/ JCs 1 - 3c2 



(24) 



under the limit V ~ 1//. Especially, for the tachyon condensate, there is a matter-like-dominated epoch between the 
curvaton decay and the beginning of the hot big bang era [H, [43| . During this epoch, one has c s ~ which gives the 
pressureless equation-of-state w ~ 0. Thus, one gets the curvature perturbation and the non-Gaussianity parameter 

CU,~o — ' /^ilc s ~o — y , (25) 



by taking this special limit. 



Second, when the curvaton decays, its energy density is some fraction r = {^-)d of the radiation density and this 



fraction is usually very small. So in this case the curvature perturbation is given by 



4 po 



(26) 



Considering the final evolution of the DBI-curvaton is a process of the tachyon condensate with V ~ j , one gets the 
curvature perturbation 



and the non-Gaussianity parameter 

Jnl '- 



10 
37 



C 



(1 



16tt f c 3 J 2 



(1 - 3c 2 ) , 



4/,/,o 



2 ,2 /-2 ^ 2 



.f 2 o 



(l-3c 2 ) 2 /, 

respectively. Again, taking the special limit c s ~ 0, then there is 



(I 



/ '1-3C 2 . 
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in the DBI-curvaton model. 

Furtherly, taking the warping factor / 



107T fcs r 



as an example, we interestingly find that 



(27) 



(28) 



(29) 



c 



47T(7C' 



3/2 ' 



(30) 



which is a negative value. If assuming c s ~ 0.01 and considering the current observation |^| ~ 10 J , we can get the 
constraint 



rH* 



IQ- J a 



(31) 



which means the inflation has to take place at a low scale in a DBI-curvaton model. This scale should be even lower 
than that happens in the usual curvaton model. For this reason, in a DBI-curvaton model it could be hard to detect 
the primordial gravitational wave. Moreover, from the observational limit on the iso-curvature amplitude in the CMB, 
we learn that the fraction r ~ 1 is highly required [Hj]. Therefore, there should be H ~ 10~ 7 cr and Jnl ^ 10 in a 
DBI-curvaton model. 
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V. CONCLUSION AND DISCUSSIONS 



In this paper, we have studied a DBI-curvaton model, in which the action of curvaton is taken as a DBI type, 
which phenomenologically describes a D-brane moving in the AdS throat. In this case, since the kinetic term is of 
a non-canonical form, its perturbations show some different behaviors. For example, the iso-curvature modes of a 
DBI action is suppressed by a small factor -y/cj. However, after the iso-curvature perturbations are totally converted 
into adiabatic ones, the final curvature perturbation is enhanced when the sound speed is a small number, as shown 
in Eq. (|29[) . Noting that in DBI-curvaton £ ~ -ijj, which is distinctly different from that in DBI inflation, in 

which ( ~ -T72- In addition, in DBI-curvaton model the non-Gaussianity parameter Jml is of order O(10), which is 
interesting for current obsrvations. Another interesting issue of the DBI-curvaton model is that, its exit mechanism 
is not an oscillating phase, but a process of tachyon condensate instead. So the final result is related to the warping 
factor /(a) but not the potential V(a). This work in some sense explores a new application of brane-cosmology in 
inflation, whose realistic implement in string theory is worth further study. 
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